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REVERSIBLE FLOW VALVE ASSEMBLY 

FIELD OF THE INVENTION 

The present disclosure relates to flow control valves, and 
more particularly to motor actuated modulating flow control 
valves. 

BACKGROUND 

The statements in this section merely provide background 
information related to the present disclosure and may not 
constitute prior art. 

ln a conventional refrigeration or HVAC system, flow con 
trol devices are typically utiliZed to control the flow of Work 
ing fluids in a refrigeration system. ln general, the refrigera 
tion system Would include a compressor that forces the 
particular refrigerant used in the system through a condensing 
coil, Where the refrigerant vapor liquefies. The liquid refrig 
erant passes through a thermostatic expansion valve, expand 
ing the high pressure liquid refrigerant to a loW pressure 
vapor. The loW pressure, loW temperature refrigerant dis 
charged from the thermostatic expansion valve is then 
directed through an evaporator coil for absorbing heat and 
thus refrigerating the space inside the container surrounding 
the evaporator coil. 

The thermostatic expansion valve functions to meter the 
flow of refrigerant into the evaporator coil in proportion to the 
rate of evaporation of the refrigerant in the evaporator coil, 
and is responsive to the temperature and pressure of the 
refrigerant leaving the evaporator coil. ln this manner, the 
thermostatic expansion valve is intended to control flow so 
that the refrigerant leaves the evaporator coil at a predeter 
mined superheat. Generally, the superheat ofthe refrigerant is 
a measure of the heat contained in the refrigerant vapor above 
its heat content at the boiling point (saturated vapor tempera 
ture) at the existing pressure. Maintaining the refrigerant 
entering the suction line from the evaporator coil at a desired 
superheat level enhances the refrigeration system perfor 
mance. 

Thermal expansion valves are typically used, in conjunc 
tion With a suction regulator, to maintain a consistent evapo 
rator coil pressure. ln known systems, conventionally 
designed mechanical pressure regulators are used for this 
purpose. Conventional mechanical pressure regulators 
include a throttling element that, When moved, limits the flow 
ofthe refrigerant through the suction regulator to regulate the 
pressure. A diaphragm, or other sensing element, responds to 
variations in the inlet pressure and moves the throttling ele 
ment accordingly. A reference pressure, typically exerted by 
a spring, is applied to one side of the diaphragm to bias the 
diaphragm in a desired position, or set point. High side inlet 
pressure is applied to the other side ofthe diaphragm to move 
the diaphragm against the spring, and thus, move the throt 
tling element. 

ln many refrigeration system implementations, finer tem 
perature control is desirable. Adjusting the setting of conven 
tionally designed mechanical pressure regulators in such 
thermal expansion valves can be a time consuming, manual 
process. Moreover, if the refrigerant or desired temperature 
changes, the complicated process of manually adjusting the 
pressure regulator’s set screW must be repeated. 

SUMMARY 

This section provides a general summary ofthe disclosure, 
and is not a comprehensive disclosure of its full scope or all of 
its features. 
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2 
The present disclosure relates to various embodiments of a 

reversible flow expansion valve that include a valve chamber 
having a loWer Wall With a first valve port opening and a 
second valve port opening therein, in communication With a 
first inlet/ outlet and a second inlet/outlet ofthe valve, respec 
tively. The various embodiments further include a shaft rotat 
ably disposed in the valve chamber in a generally vertical 
orientation. A first valve plate is disposed in the valve cham 
ber over the first valve port opening, and is rotatably coupled 
to the shaft. The first valve plate has at least a first tapered 
semi-circular slot positioned in the first valve plate so as to 
align With the first valve port opening. The first valve plate is 
configured to rotate from a closed position, in Which the first 
valve plate is positioned over the first valve port opening, to 
an open position in Which rotation of the first valve plate 
adjustably positions a Wider or narroWer portion of the first 
tapered semi-circular slot over the first valve port opening, to 
adjustably vary the rate of fluid flow through the valve. The 
first valve plate in its closed position is configured to be 
movable in an axial direction toWards and aWay from the first 
valve port opening. The reversible flow expansion valve fur 
ther includes a second valve plate that is configured to rotate 
With the first valve plate, and to cover the second valve port 
opening When the first valve plate is rotated to the closed 
position. The second valve plate in its closed position is also 
configured to be movable relative to the first valve plate in an 
axial direction toWards and aWay from the second valve port 
opening. 

ln the various embodiments, the first valve plate in its 
closed position is configured to move aWay from the first 
valve port opening, and the second valve plate in the closed 
position is configured to move against the second valve port 
opening, to thereby resist fluid flow through the second valve 
port opening. Similarly, the second valve plate in the closed 
position is further configured to move aWay from the second 
valve port opening, and the first valve plate in the closed 
position is further configured to move against the first valve 
port opening, to thereby resist fluid flow through the first 
valve port opening. 

ln one aspect ofthe present disclosure, one embodiment of 
a reversible flow expansion valve includes a first valve plate 
that includes a first tapered semi-circular slot positioned 
therein so as to align With first valve port opening, and a 
second valve plate surrounding the first valve plate that 
includes a second tapered semi-circular slot positioned 
therein so as to align With the second valve port opening. The 
first and second valve plates are configured to rotate from a 
closed position to an open position in Which rotation of the 
first and second valve plates adjustably positions a Wider or 
narroWer portion ofthe first and second tapered semi-circular 
slots over the first and second valve port openings, to adjust 
ably vary the rate of fluid flow therethrough. 

ln yet another aspect ofthe present disclosure, one embodi 
ment of a reversible flow expansion valve includes a first 
valve plate that includes first and second tapered semi-circu 
lar slots positioned therein so as to align With first and second 
valve port openings, and is configured to rotate from a closed 
position to an open position in Which rotation ofthe first valve 
plate adjustably positions a Wider or narroWer portion of the 
first and second tapered semi-circular slots over the first and 
second valve port openings, to adjustably vary the rate of fluid 
flow therethrough. The valve includes a second valve plate 
disposed Within a cavity in the first valve plate, Which is 
configured to rotate With the first valve plate. 

ln another aspect of the present application, various 
embodiments are provided in Which the first valve plate in its 
closed position is configured to be moved aWay from the first 
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valve port opening by a fluid pressure in the first valve port 
opening that is greater than fluid pressure in the second valve 
port opening, and the second valve plate in its closed position 
is configured to be moved against the second valve port open 
ing by a fluid pressure in the first valve port opening that is 
greater than fluid pressure in the second valve port opening. 
Likewise, the second valve plate in its closed position is 
configured to be moved away from the second valve port 
opening by a fluid pressure in the second valve port opening 
that is greater than fluid pressure in the first valve port open 
ing, and the first valve plate in its closed position is configured 
to be moved against the first valve port opening by a fluid 
pressure in the second valve port opening that is greater than 
fluid pressure in the first valve port opening. 

Further areas of applicability will become apparent from 
the description provided herein. The description and specific 
examples in this summary are intended for purposes of illus 
tration only and are not intended to limit the scope of the 
present disclosure. 

DRAWINGS 

F[he drawings described herein are for illustrative purposes 
only of selected embodiments and not all possible implemen 
tations, and are not intended to limit the scope of the present 
disclosure in any way. 

FIG. 1 is a cross-sectional perspective view of a first 
embodiment of a reversible flow expansion valve shown in a 
closed position, in accordance with the principles of the 
present disclosure; 

FIG. 2 is a cross-sectional lower perspective view of a 
second embodiment of a solenoid valve shown in a closed 
position; 

FIG. 3 is a front perspective view of the reversible flow 
expansion valve shown in FIG. 1, without the valve chamber 
housing and stepper motor; 

FIG. 4 is a cross-sectional side view of the reversible flow 
expansion valve shown in FIG. 3; 

FIG. 5 is a top elevation view ofthe reversible flow expan 
sion valve shown in FIG. 3, without the rotor of the stepper 
motor; 

FIG. 6A-6B a top elevation view of the reversible flow 
expansion valve shown in FIG. 5, illustrating various rota 
tional positions ofthe valve plates; 

FIG. 7 is another cross-sectional perspective view of the 
reversible flow expansion valve shown in FIG. 1; 

FIG. 8 is a cross-sectional side view of the reversible flow 
expansion valve shown in FIG. 1 with an outer valve plate 

elevated; 
FIG. 9 is a perspective view of the inner and outer valve 

plates of the valve shown in FIG. 1, with an outer valve plate 
elevated; 

FIG. 10 is a cross-sectional perspective view ofthe revers 
ible flow expansion valve shown in FIG. 1 with an outer valve 

plate elevated; 
FIG. 11 is a cross-sectional side view ofthe reversible flow 

expansion valve shown in FIG. 1 with an inner valve plate 
elevated; 

FIG. 12 is a perspective view of the inner and outer valve 
plates of the valve shown in FIG. 1, with an inner valve plate 
elevated; 

FIG. 13 is a cross-sectional perspective view ofthe revers 
ible flow expansion valve shown in FIG. 1 with an inner valve 
plate elevated; 
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FIG. 14 is a cross-sectional perspective view of a second 

embodiment of a reversible flow expansion valve shown in a 
closed position, in accordance with the principles of the 
present disclosure; 

FIG. 15 is a perspective view of the first and second valve 
disks ofthe reversible flow expansion valve shown in FIG. 14; 

FIG. 16 is a cross-sectional side view ofthe reversible flow 
expansion valve shown in FIG. 14 with a first valve disk 
elevated; and 

FIG. 17 is a cross-sectional side view ofthe reversible flow 
expansion valve shown in FIG. 14 with a second valve disk 
elevated. 

Corresponding reference numerals indicate corresponding 
parts throughout the several views of the drawings. 

DETAILED DESCRIPTION 

In the following description, numerous specific details are 
set forth such as examples of specific components, devices, 
methods, in order to provide a thorough understanding of 
embodiments of the present disclosure. It will be apparent to 
a person of ordinary skill in the art that these specific details 
need not be employed, and should not be construed to limit 
the scope of the disclosure. In the development of any actual 
implementation, numerous implementation-specific deci 
sions must be made to achieve the developer’s specific goals, 
such as compliance with system-related and business-related 
constraints. Such a development effort might be complex and 
time consuming, but is nevertheless a routine undertaking of 
design, fabrication and manufacture for those of ordinary 
skill. 
According to various aspects of the present disclosure, 

there are provided various exemplary embodiments of a 
reversible flow expansion valve. In the various embodiments, 
a reversible flow expansion valve is provided that comprises 
a valve housing having a valve chamber including a first valve 
port opening and a second valve port opening in communi 
cation with a first inlet/ outlet and a second inlet/outlet of the 
valve, respectively. The various embodiments further include 
a shaft rotatably disposed in the valve chamber. A first valve 
plate is disposed in the valve chamber over the first valve port 
opening, and is rotatably coupled to the shaft. The first valve 
plate has a first tapered semi-circular slot positioned in the 
first valve plate so as to align with the first valve port opening. 
The first valve plate is configured to rotate from a closed 
position, in which first valve plate is positioned over the first 
valve port opening, to an open position in which rotation of 
the first valve plate adjustably positions a wider or narrower 
portion of the first tapered semi-circular slot over the first 
valve port opening. F[his adjustably varies the rate of fluid 
flow through the first valve port opening. The first valve plate 
in its closed position is also configured to be movable in an 
axial direction towards and away from the first valve port 
opening. The various embodiments further include a second 
valve plate that is configured to rotate with the first valve 
plate, and is positioned over the second valve port opening 
when the first valve plate is rotated to the closed position. The 
second valve plate is also configured to be movable relative to 
the first valve plate, in an axial direction towards and away 
from the second valve port opening. 

In another aspect of the various embodiments, the first 
valve plate in its closed position is configured to move away 
from the first valve port opening, and the second valve plate in 
the closed position is configured to move against the second 
valve port opening, to thereby resist fluid flow through the 
second valve port opening. Likewise, the second valve plate 
in its closed position is configured to move away from the 
















